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WATER & ENVIRONMENT

MIKE SHE

an Integrated Hydrological Modelling System
that covers the entire land phase of the hydrologic cycle
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MIKE.SHE

MIKE SHE

an Integrated Hydrological Modelling System

WATER & ENVIRONMENT

Flexible Process Descriptions

MIKE SHE in 1990
Physically based process descriptions
= conservation of mass and momentum

CHANNEL FLOW
=1D diffusive wave
OVERLAND FLOW
=2-D diffusive wave
EVAPOTRANSPIRATION
=>Kristensen & Jensen
UNSATURATED ZONE FLOW
=Full 1D Richards Equation
SATURATED ZONE FLOW
=3D Darcy flow
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Flexible Process Descriptions

MIKE SHE MIKE SHE in 1990
an Integrated Hydrological Modelling System Phy5|cally based process descriptions

= conservation of mass and momentum
physically meaningful model parameters

Canepy intarception
radel

riss and fal

MNet precipitation - -
Snaw melt madel |
Infliration N

..
Water table I '--.___

1-dimenzicnal
S unsatuatad flow
. model for each

rid glement
S-dimansional L‘alurated
fow groundueater madel
[rectangular grid}

Exchange
ecross boundaries

lhmugh sespags faces.




WATER & ENVIRONMENT

MIKE-SHE

Flexible Process Descriptions

MIKE SHE MIKE SHE in 2005
an Integrated Hydrological Modelling System Additional conceptual based process

!—ﬂ—l descriptions
RN

= lumped parameter approaches
= fewer parameters to calibrate

3 = less data required

= faster simulation times

But, parameters are no longer physically
grounded

Model

Snowmelt

Root Zone
Model
Infiltration

Interflow L
Storages S <)
g
-.Inlerﬂow
to River

Percolation l

+i J A useful engineering tool for:
Fast Baseflow -

gescton | ! ] * regional basin-wide models

* - models where single processes dominate

* models with sparse or no calibration data
» screening level models

Channel Flow
Model

|




MIKE.SHE

WATER & ENVIRONMENT

Flexible Process Descriptions

MIKE SHE

an Integrated Hydrological Modelling System

Canepy intarception

radel

MNet precipitation

Snaw melt madsl

Infiliration

VWater table
riss and fal

Rain and zren

El
L
\
TN

1-dimenzicnal
unsatuiatad fiow
model for each

~J grid element

|
]
=

3-dlimansional ﬁalurated ‘ k | | Exchange

fow groundueater madel
[rectangular grid}

* Exchange Al o aaraes boundaries
through seepage faces

+ Net recharge (e.g. DAISY)

Evapotranspiration
* SVAT

« Kristensen and Jensen
+ 2-Layer Water Balance

%%%mRain & Snow

Snow melt
+ Degree-day melting

Channel Flow (MIKE 11)
1D St Venant Equations:
» Kinematic wave approx.
 Diffusive wave approx.
+ Fully dynamic

* Higher-order fully dynamic
Flow Routing:
* No-routing
* Muskingum
* Muskingum-Cunge

Overland Flow

+ 2D Finite Difference - Diffusive Wave
» Semi-distributed

Unsaturated Zone Flow
» 1D Finite Difference:
+ Richards Equation
« Gravity Flow
« 2-Layer Water Balance
+ Net Recharge (e.g. DAISY)

1

SN
Groundwater Flow
« 3D Finite Difference - Darcy Flow
s Lumped, Conceptual - Linear Reservoir

Sewer Flow
{MOUSE)

NS
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Raad Satic Imput Data

- Suace topogrphy,

- Grouncwatr | ayer soundares

- Lage hpdiaalic proopasles

. Unzaturated 2 cna soil proparties haiz ow

- Gross-sacton geomeatrs, sichire ceometr;
- branchnetiork

- Timestzp 2rd simudation perameters

Read Irputfor mew time dep

- Rantal and Rekrewe ET

» - wizjetation paRmeers

& - SuEce water bourdars conditlons
T- Grouncwatar beurcary corditions

b
Peromr Urssturated sore Ca culation

- Caculae iiltration, actual ET, rechamz and
ponding.

- Grouncwater | euels fom presoLs time-step
uzed as lomer bourdare condition

- Caculae nnofiom semi-mpenios
sufaacs

rteral Cem Tarders

l - Trenzkr ponding to owvedand floo madel
- Trzn=ter recharge to groundwater model

Feromr Owerdznd Flow Calcuation
- calcuae cell-to-cel owrdard o
sakuate cwedard water desths

=ub |1 e-gepping

nterma Data Transfers
- Laerd infows to cands fan eedand fow

Feromr =nal How Lalcdation
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Ly cakculae stuciure dows

- calcuae mer-aquitr edchange using
gronduater [&.8d= TOT ez time- 22p. PBuerageCorn U ated Subdep Ouipdts

- Latersl inlow : to cards (analaqatkr)

- Mechamge

Feromr Groundw=ter Flow Caledation |- BT fom sgurgedz ore

- Grouncwater | ewels and fous

- cakculEe stucue Tols

- cakuata mar-aquitr a<changa using
griunduater ledds fom presfous time-sep.
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WATER & ENVIRONMENT

Application Scales

Spatial scales

= basin > watershed > field scale

= cell size typically from 25-2000 m
(100-6000 ft)

= telescopic mesh refinement

Temporal scales

= solves each model component with
different computational time steps

= time steps typically range from
minutes for river to days for
groundwater

= automatic time step control
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MIKE SHE - tools and GUI

Databases

End day| LAl | Root | Kc
a0 2 1.2| 055
180 4 1.3| 055
270 5.5 1.7| 055
365 3 1.2| 055
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GIS/map
Data

= both graphical and logical
cell selection,

= tabular and global editing of
values,

> data statistics,

= data operators (+, -, x, etc.)

= gridded time series

MIKE SHE - tools and GUI

Databases

WATER & ENVIRONMENT

End day| LAl | Root | Kc
a0 2 12| 055
180 4 13| 055
270 5.5 1.7| 055
3BS 3 1.2 055
Grid Editor
& nnfyn_0-end.dfs2 g@
50 51 52 53 |
Tapography; 51 3475 3475 3307691 3397691
50 3475 3475 3397601 3307601 |
48 3549851 | 3640831 | 4075 4075 |
48 3549851 | 3640831 | 4075 4075
47 36 49861 4075 4075
46 3649881 | 36.49881 4078 40.75
45 44.25 4425] 438125 138128
44 44.25 4425) 438125 138128
43 44.25 4425| 438125 438125
42 44.25 4425 438125 435125
41 48.25 48.25 46575 46.575
40 48.25 4825 46575 46.575
39 48.25 4825 46575 46.575
= 38 48.25 4825 46575 46.575
B 37 48,0343 48.0343| 4877684| 4577804
= 36 48.0343 48.0343| 4877684 | 4977804
= 35 48.0343 48.0343| 4877684 | 4977804
2 34 48.0343 48.0343| 4877684 | 4977804
g 33 57.375 57.375 62625 62625
E SRR 32 57.375 57.375 62 625 62625
5 e 31 57375 57375 B2 K25 62625
= G0'ia5 30 581675 5021854 B2 K25 62625
75-80 29 6467705 B5.65247 70 4463 730375
70.75 28 BE26013| 6705407 7213203 7275683
:g ; ;2 27 BE17118| 60d7854| 7412526 7402946
= 26 695103 7154285 7561999 7590118
50- 55 25 735018 7655542 BO.0G126 794451
45.- 50 24 8500604 | 8021565 8273703 8045137
;“; ; x 23 8262005 5343785 7925685 7951842 .
e 22 TTOVETS| 7805083 6128485 7eadl| .
25.30 21 T50M028| 7647641 7879495 7599808
20-25 20 TEETEGB| 7458532 7649081 | 764TH5|
13520 18 785421 | 76.30981|  75.877Ee 759897
B Belon 15 .
Lol et asustin 18 7554153 7534547 7576085 7586183|
17 7IO3957 | 7547443 7544402 745422
15 F2114| 7408382 reE0114|  7I87Se2|
(Grid spacing 250 meten) 15 FPMIE T 17594 7N dassg 77 RRE3T
0140142000 10:00:00 AM, Time sten: 0, Laver: 0 3| L

J5 Ik-Projection J




DH
MIKE SHE tools and GUI

Databases

End day| LAl | Root | Kc
a0 2 1.2| 055
180 4 1.3| 055
270 5.5 1.7| 055
365 3 1.2| 055

Time Series Editor
E2 rainfall equ. dfs0 E]@

Time | 10258 [mm|10380 [mm| 10401 [mm][10402 [mm

] f0288 frmiday P | | | i | ; | 2374 |02j07/1996 0 0.22 | 0.99 1.1]
50 ; : ; : : : k ‘ R 2375 |03j07/1996 0 0.7 0,33 1.32]
] f ! ! ! ! ! ! : ! 2376 |04/07/1996 0 16.06 E.51 5.39 |
7377 _|05/07{19%6 0 7.9z 10.45 957
7378 __|06/0719%96 0 0.11] 0 ol
2378 |07/07/1996 0 ol 0.11] ol
7380 |08/07/1996 0 066 0.44] 1.32]
7381 |00/07/1996 0 0,88 [ 0,33
|3 | 2362 | 10/07{1996 0 i) 0 i)

‘BT }{ 2363 |11/07/1996 0 0 0 0

| o, 7384 |12/07/1996 0 0 0 0

GISImap Gl '-."\ i 2385 |13/07/1996 0 o ] [

Y 2386 | 14/07{1996 0 0.2z 0 [

D 1o ok 2387_|15/07/1996 0 o 0 0

ata i 1'. =% 2388 |16/07/1996 0 i ol 0

il / 2389 |17/07/1996 0 i i [

e :H-Ehﬂ-a"--"-* 2390 |18/07/1996 0 0 [ 0

Fion | 2391 |19/07/1996 0 0 0 0

2392 |20j07/1996 0 i i i

. 0 o 2393 |21j07/1996 0 o i i

= graphical and logical point 24 Lziojisee 0 0 0 0
2395 |23j07/1996 0 i o] i

. 7396 |74/07{1996 0 [ 0.55 0.33
selectlon 2397 |25/07/1996 0 2.3 4.07 1.1
7308 |26/07/1096 0 ol [ [

I d I b I d't' 2399 |27/07/1996 0 011 i} HER
9 tabu ar an g obal edl Ing 7400 |28/07/1996 0 13.42 11.99 10,01
2401 |29/07/1996 0 ol ] ol
of Values 2402 |30j07/1996 0 1.54] 0,55 0,55
2403 |31/07/1996 0 ol ol ol
. = 2404 |01j08{1996 0 0,66 0,55 0.2z
9 data statlstlcs 2405 | 02{06{1996 0 0.11] 2.2 2,31
2406 |03/08{1996 0 o ] ol
2407 | 04/08{1996 0 i i ol
-> data ope rato rs 2408 |05/08/1996 0 0 0 0|
: 2409 |06/08{1996 0 i i [

f' I I A A I - Gt Tl B s il 2410 |07/08{1996 0 i i i

9 gap l I n g a n d I nte rpO atl O n 7 R e s g 2411 | 0Bf08/1996 37.51 32,45 24,86

1990 1991 1992 1993 1994 1995 1896 1997 1998 1988 2000 2001 2002 SR ol Al g | v
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Databases

End day| LAl | Root | Kc
a0 2 1.2| 055
180 4 1.3| 055
270 5.5 1.7| 055
365 3 1.2| 055

Well Database

1 Test. WEL ==
G ) d d d [?19;'5%00 Geo. Layers Cale, Layers
r e 6135000 40 12 -
Data 8134000 - i
a0
133000 7 5
£132800 4 £ ----*,;--V)Di 25{
- % Bramstrup -
B131000 - % “ F 20: clay lense
GIS/map |
- nnfyn_4-end
6129000 § 15~
Data 6128000 "
10-
127000 14 .
£126000 4 WA 5*
g125000 1 Z
. -
I 6124000 3+~
> Soils Database - for
¥ . 6122000 7
unsaturated soil properties _ =
9V t t- D t b f 120000 - Selieo K Ll 5= L
580000 585000 580000 585000 p—
egetation Database - for ; e
- =
t t rt Filter and pumping definition of selected welk: i | * | + | + |
Vege a Ion prope Ies | ‘ Top |Bott0m| Pumping file |Fraction|
00| 61 0 0.00 " 1 1555 -11.97 |[7 |C'5 Testingl... \fyn-abs-Tlag-suf_dm___ [ Edit[New|  1.00
2> Well Database - for borehole St c1e 00 ST o0 oo nsees
S7T9181.00 612462400 fozd 000 0.00 Undefined
598656.00 6108707 .00 fozd 000 0.00 Undefined
- -
and pumping data Ssrc0 siceso o @ | 000|020 itred
59653900 6104608300 & 000 000 Llndav?nedl [we
3 2




Gridded &
Data ©

GIS/map |
Data .74

= Surface Water
- linked to MIKE 11 GUI
= Urban infrastructure, such
as pipes and sewers
- linked to MOUSE GUI

End day| LAl | Root | Kc
a0 2 1.2| 055
180 4 1.3| 055
270 5.5 1.7| 055
365 3 1.2| 055

MIKE SHE tool and GUI

Databases

WATER & ENVIRONMENT

MIKE 11
- (Surface Water)

Mouse

MIKE 11 Network Editor

[ MIKE Zero - [Odense_Fjord_Nr_Seby_indsatsomrade.nwk11] g@
% Fle Edt View Network Layers Settings Window Help REE
[D=d B(&2%|Qaa?|E|h idPe|l ma 2l @@ Rdg|dePhdwnlite|:
Untitled =
z E N y 7
i E l‘i? Elalum Iﬂo J:;rnu ’/ v
6136000'921"" e L.; ’ B ~Ho
bl “ ' Q ; ;| >
'|steb|e £ \_‘ = GIIIIE" i} —'
135000 Jl W !
: N "\
' -
5134000 | i el AL RTHR JOTHP. g A2
B133000 § - - --22
6132000 4=
3000 5 f
&130000 |
e VW)
1 20000 HBES
= T e
£122000 <. T3
6127000 R - N Lo
o | e i
N Lw :
5126000 4 = ;’: ) -
’ Lundegérd .- i & Eskllstrup
578000 580000 522000 584000 586000 525000 5a0000 582000 534000 536000 538000 500000
v
= ] (3]
Ready [x=59%218.2 y =6136113 \Select Objects




D H
MIKE SHE data & model Wl =

Time . | T Databases iRl
Sel'ieS - ;;‘ 3 12 u.';s o ;'.’I ""'}L;'; MIKE 11

180 4 1.3| 055
270 55 1.7| 055
365 1.2| 055

fr\___n__P (Surface Water)

/  Mouse
A (Sewers)

Gridded ! .
Data ©

Irrigation

GIS/map j’

- Module
Data c/) )
;C:;Miﬂ'ﬁhwi IJI
Transient
particle
* Model independent data tracking

entry AUTOCAL

* Numerical model
generated at run time

« Comprehensive output
tools

* Full water balance
accounting

(e
Solute
transport

Results HTML
Balance Viewer Output

Water \1iKE View




WATER & ENVIRONMENT

MIKE-SHE
Model Results

I NrSohy2003-7layer-250b.SHE - Modified g@
Tr
head elevation in saturated zone REV
g140000 3 e ' e 2 (T . S
£139000 ] sl : N
e ] i
£138000
6137000 ]
6136000
135000 : -VTlr- URL22. : 5 R ST
- Dynamic HTML output e
6133000 0 T
 Complete water
&131000
.
balance accounting
= o E129000
* Integrated animation —
. £127000
functions
° S. I 1D 2D 6125000 3 - . i 1}! _______ ﬁﬂe s
Imultaneous 1D, i) v W
6124000 ! Akil 4 S e S e B 72-7e
. : ! 1 es-72
and 3D output =
5122000 — B
B =5-a2
6121000 = ggzgg
5120000 _ 4 |
5119000 Feg-----F--a- e o :'h'}:“ - i bie. ] i __—ﬂl_ A = g:g
118000 4 — — ":f"?'&'g'e" Qlat o .V e LY/ S"anlj%{/ ?a Egi?::infwme
580000 524000 590000 595000 600000
01/02/80 00:00:00, Time step 0 of 35




MIKE.SHE

MIKE SHE

an Integrated Hydrological Modelling System

Rain and zren

Canepy intarception
radel

MNet precipitation

Snaw melt madel —
Infliration
Water table I

riss and fal

1-dimenzicnal
unsatuiatad fiow
model for each

~J grid element

‘
EH

fow groundueater madel
[rectangular grid}

3-dlimansional ﬁalurated ‘ k | | Exchange

* Exchange 2
through sespags faces

ecross boundaries

WATER & ENVIRONMENT

Modules and Process descriptions

Evapotranspiration
* SVAT
« Kristensen and Jensen
+ 2-Layer Water Balance
+ Net recharge (e.g. DAISY)

Overland Flow
+ 2D Finite Difference - Diffusive Wave

» Semi-distributed

%%%mRain & Snow

Snow melt
+ Degree-day melting

Channel Flow (MIKE 11)
1D St Venant Equations:
» Kinematic wave approx.
 Diffusive wave approx.
+ Fully dynamic

* Higher-order fully dynamic

Flow Routing:
* No-routing
* Muskingum

* Muskingum-Cunge

Unsaturated Zone Flow
» 1D Finite Difference:
+ Richards Equation
« Gravity Flow
« 2-Layer Water Balance

+ Net Recharge (e.g. DAISY)

Sewer Flow
{MOUSE)

1

~

NS

Groundwater Flow

s Lumped, Conceptual -

« 3D Finite Difference - Darcy Flow

Linear Reservoir




Evapotranspiration
« SVAT

+ Kristensen and Jensen
« 2-Layer \Water Balance

s wam&snow

Snow melt
+ Degree-day melting

Channel Flo E 1
1D St Venant Equations:
+ Kinematic wave approx.
+ Diffusive wave approx.
+ Fully dynamic
+ Higher-order fully dynamic
Flow Routing:
+ Mo-routing

* Muskingum

& Muskingum-Cunge

Overland Flow
+ 2D Finite Difference - Diffusive Wave
« Semi-distributed

ﬁ N
N
Unsaturated Zone Flow
« 1D Finite Difference:
+ Richards Equation
« Gravity Flow

« 2-Layer Water Balance
« MNet Recharge (e.g. DAISY) |

Groundwater Flow

« 3D Finite Difference - Darcy Flow
+ Lumped, Conceptual - Linear Reservoir

Sewer Flow

{MOUSE]

Processes simulated by MIKE SHE 2004:

Interception of rainfall by the canopy (LAI, Cint)
Drainage from the canopy (LAI, Cint)

Evaporation from the canopy surface (LAI, Cint, Etpot)
Evaporation from ponded Water (ETpot)

Soil evaporation, f(©, Owp, Ores)

Transpiration from the root zone, f(RDF, ©, Ofc , Ow)

OHE =<
MIKE SHE — ET component

WATER & ENVIRONMENT

Interception
(>

¢ Ag
Q) s

o’ o

=

Transpiration
Evaporation

BEIGCOIaHON
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MIKE SHE - ET Calculation

WATER & ENVIRONMENT

ET actual = ET canopy + ET transpiration + ET pond + ET soil

Kristensen and Jensen
Empirical model calculating actual ET
as a fraction of Reference ET,

as a function of :

» Vegetation characteristics (LAl and RD)
« actual soil water content for in the root zone
« ground water table - transpiration losses

directly from the ground water if the root zone
extends into the saturated zone




WATER & ENVIRONMENT

MIKE SHE ET - Kristensen & Jensen

ET actual = ET canopy + ET transpiration + ET pond + ET soil

ET Canopy

Imax = Cint * LAY
Cint: mm

Transpiration

Ea= [ (LAD f,(0)RDF Ep

Potential ET soill

Es:f3(9)EP




WATER & ENVIRONMENT

MIKE SHE ET - 2 Layer Water Balance

‘ ‘ Range for average soil moisture in upper

ET layer Qmax = max water
Ow Orc O Ow Orc 6 Ow \Orc O O Opc O content as a

I /| i function of depth =

%ﬁzﬁ\\\‘\‘ v MODFLOW
\ A 4

Qmin = min water
Thickness of capillary ftmgIe / content as function
of depth

<

/
Water table v

Maximum depth for transpiration = Root Depth + ET_
(Lower ET layer only exists when water table is below this level)

Average soil moisture in lower ET Moisture deficit =
layer -
y Qmax - Qmin
Moisture Content
0y OF 05
C
Depth of ET,; = thickness of capillary fringe
A
thickness of
O mi roots
Depth of 0 1ax
Water Table
For a particular depth to water table,
4./~ the soil moisture can vary between 6,,,
and @, .
v thickness of capillary fringe

ET extinction depth =
thickness of roots
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MIKE SHE UZ - the unsaturated zone Sy B G

Evapotranspiration
« SVAT

+ Kristensen and Jensen

« 2-Layer \Water Balance

+ Net recharge (e.g. DAISY)

%Raln & Snow

W

+ Degree-day melting

One dimensional unsaturated zone flow :
oy o0, 0y . OK

TR A s <
ot Oz ( Oz ) 0

Channel Flow (MIKE 11)
1D St Venant Equations:
+ Kinematic wave approx.
+ Diffusive wave approx.
+ Fully dynamic
+ Higher-order fully dynamic
Flow Routing:

Overland Flow
+ 2D Finite Difference - Diffusive Wave
« Semi-distributed

L
N -

y(z,t) : capillary pressure head (m)

+ Me-routing
MR B K(0) : hydraulic conductivity (m/s)
R 0 ] soil moisture content
+ 1D Finite Difference: Q : volumetric source / sink term

+ Richards Equation
+ Gravity Flow
« 2-Layer Water Balance
» Net Recharge (e.g. DAISY) |

Groundwater Flow

« 3D Finite Difference - Darcy Flow
* Lumped, Conceptual - Linear Reservair

Sewer Flow

{MOUSE]

N \:.
_._._.\\\\ ..... i

\\\k\ &

2222\
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MIKE SHE UZ - Flow Theory

Darcy Law applied to vertical flow

oh
_K(®)2"
q ()az

h=z+y

h : Hydraulic head

z : Gravitatio nal head, elevation
w :Pressure head, tension <0

Continuity Equation
06 0q

- = ___S
o o o)

Darcy + Continuity

>> Richards Equation
20 _ 9 (k(0y2u @), IK©)
Ot 0z 0z oz
S : Root extraction

- 8(2)

WATER & ENVIRONMENT

Simple UZ solution (gravitational flow)
h=z, y=0

o _
oz

|

For Richards Equation,

two physical relations needed
» Water-retention - y(0)

« Hydraulic conductivity - K(6)
Must be solved numerically

For Gravity Flow

only requires

» Hydraulic conductivity - K(6)
Can be solved directly
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MIKE SHE UZ - Soil Physical Properties B

Water Retention Curve

PRESSURE POTENTIAL
¥(0)
pF

0 I I 1 4 —»>
0.10 0.20 0.30 0.40

WATER CONTENT ©

WATER & ENVIRONMENT

K(6) Function (Averjanov)

K@) =K. S:

s.=(0-0.)/(0.-6,)

K(8)
em/hour
A
10 -
1 4
1071
1072
107>
-4
10 I 1 I 1 I ’
0 0.10 0.15 0.20 0.25 0.30 0.35
WATER CONTENT O
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MIKE SHE UZ - Profile distribution oy B g A

5 MINE Zero - calib_newinterface. SHE =10 =
Ble E® Yow G Yindow Hee

[osa :me @t

EMIKE Zero - calib_newinterface.SHE :ur SHE Foww Mcaie Drerigh —
" " n 3 of Sendsbon specabon
File Edit Yiew Run Window Help :T:::;::vmndlml _— P
L ¥ of Piecgdabon
JJD =H| fEBEREF W e e o[ x| +] ¢
B of Eveplitrupision iopeii| s el =
T :f::_‘":-':l’“"" . (] :m:mm CFromcist. daabasetbenratisn. T
[ calib_newinterface.SHE e o scon s, e Dsretin
7 o & Lo P e s_
"""" MIKE SHE Flow Model Descripti o bt T MR gy i - |
o f Smisionspecicaion | | [SOUPRONISDeANIIONS ‘i
----- o Model Domain and Grid ¥ Malahar
..... o Topography Spatial Distribution:  Data Type: : Turcoda
[j---j Precipitation [Distibuted =] |Grid codes [dfs2)  + | 8 o Sopaodzive
B~ Land Use PR
. Grid Distribution Fil
- o Evapotranspiration Ll et et Soil PMNgeinaions
- of Rivers and Lakes 143N
- of Owerland "t._ 2
G- o Unsatwated Flow [meter] Sail Profile Definitions ol
+  Soil Profile D efinitions '- o i
M- of Saturated Zone 3235000 it
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models allowed

Different models
can be used for
different soil types
in the same UZ soil

MIKE SHE UZ — soil property models

P o Retention Curve
oo Hydr Conductivity

Various retention and hydraulic conductivity

delifz43

1 o eaufzdg
databasg, if o et
appropriate. i

o imms28
- o imms28-clayey
o myafsd9
o plafzER
o pomizhs
— T abulated
i |X| flw(v Ef.sat. (g ) [037
1 = 000 : 037 o |2
2 130 036 o, |42
3 1.50 0.35
g 1.70 0.35 -
5 180 0.3 0o Retention
5 1.0 0.18 ]
[ 220 0.08 ]
8 230 007 e ‘L """""
3 250 0.05 i3
10 420 0.03 =0
oo ] j
0.0o0 0.50
Moisture content

abulated

Yan Genuchten

R L= Tp el

Averjanoy

WATER & ENVIRONMENT

Camphell Yan Genuchten =101 x|
ol e €
Retention Hydraulic
ST Curve ‘Conductivity Stz
1 dellfz43 Iablated I.ﬂ-.v?janu'- DELRAY LOARY FIMNE SANMD @ 05
2 eaufs43 Tabulated Averjanoy E&UGALLIE FIME SAMD : OSCEDL
3 genfs43 Tabulated Averjanoy GEMTRY FINE SARD : OSCEOLA,
4 immfz5s Tabulated (Awerjanoy Mt AL EE FIME SAMD : ST, JOH
_ IMRACHALEE SAMD : HIGHLAMDS
IMRACHALEE SAMD - HIGHLAMDS -
- M AKKA FINE SAND : OSCEOLA
Saturated moisture content | Bs I3 IW PLALID FINE SAND : 5T. JOHNS
il s POMOME FINE SAND : 5T, JOHMS
ezidual moisture content [ b 3 ID.DE RIVIERS LOANMY FINE SAND - 05
Saturated hydraulic conductivity [Ks]: IW
r— Empiric:al Constart i
1e-8
e IS— Se-2
L, 2e0
1e-12
5e-15
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MIKE SHE Overland Flow Component — wawx » enviwonmens

Evapotranspiration

¢ SVAT

+ Kristensen and Jensen

e 2-Layer Water Balance

« Net recharge (e.g. DAISY)

%mRain & Snow

Channel Flow (MIKE 11
1D St Venant Equations:
* Kinematic wave approx.
» Diffusive wave approx.
¢ Fully dynamic

¢ Higher-order fully dynamic
Flow Routing:
+ No-routing

+ Muskingum

e Muskingum-Cunge

Snow melt
« Degree-day melting

Overland Flow
+ 2D Finite Difference - Diffusive Wave
+ Semi-distributed

ﬁ ll
Unsaturated Zone Flow
* 1D Finite Difference:

+ Richards Equation
¢ Gravity Flow

« 2-l ayer Water Balance
* Net Recharge (e.g. DAISY)

I

N7 N
Groundwater Flow
« 3D Finite Difference - Darcy Flow
¢ Lumped, Conceptual - Linear Reservoir

Sewer Flow

(MOUSE)




WATER & ENVIRONMENT

Overland Flow Input Data

Topography

Controls direction of flow

Mannings M (or n)

Uniform or distributed

Detention Storage

Treshold for overland flow
Value reflects local storage (uniform or distributed)

Initial/boundary conditions Water depth
Initial condition (water level)
Water level on the model boundary



WATER & ENVIRONMENT

Lumped Overland Flow

Subcatchments + Overland flow zones

Flow from higher to lower OL zone within a subcatchment area
e.g. Upland to floodplain within each subcatchment

Calculated using Manning equation with a conceptual flow length

Evapotranspiration
* SVAT
« Kristensen and Jensen

« 2-Layer Water Balance

Rain & Snow

o

« Degree-day melting

Channel Flow (MIKE 11)
1D St Venant Equations:
+ Kinematic wave approx.
» Diffusive wave approx.

« Fully dynamic

Overland Flow
« 2D Finite Difference - Diffusive Wave
+ Semi-distributed

= Higher-order ful amic
' : ;[:::E“;i;u"’nﬁ Y @9 Bt~ A ammm SUBCATCHMENT BOUNDARY
by g ———— TOPOGRAPHICAL ZONE

L
N -

Unsaturated Zone Flow
+ 1D Finite Difference:
+ Richards Equation
» Gravity Flow
« 2-Layer Water Balance
+ Net Recharge (e.a. DAISY) |

|

Groundwater Flow
« 3D Finite Difference - Darcy Flow

Sewer Flow

(MOUSE]}

+ Lumped, Conceptual - Linear Reservoir




WATER & ENVIRONMENT

lnput Data for Simple Overland Flow

Subcatchments + Overland flow zones (topographic routing zones)
Slope - average slope in the zone

Slope length - average distance to a drainage feature

Manning M, Initial Depth, Detention Storage - same as FD

Mame: |I3I|:|I:|al

Slope: | a Slape length: | 0 [m]

M anning Murber: | 0 [m*143)%5]  Detention storage: | 0 [mm]

Initial Depth: | 0 [m]



MIKE11 Channel flow

Evapotranspiration
¢ SVAT

+ Kristensen and Jensen

+ 2-Layer Water Balance

+ Net recharge (e.g. DAISY)

M

Rain & Snhow

Snow melt
o Degree-day melting Channel Flow (MIKE 11)
Overland Flow 1D St Venant Equations:
« 2D Finite Difference - Diffusive Wave . E)ifl‘f(:g?vn;ivtl;v‘:a;e ?E)E(JrOX-
o Semi-distributed « Euly dnamic il

¢ Higher-order fully dynamic
Flow Routing:
s No-routing

* Muskingum

e Muskingum-Cunge

\/

Unsaturated Zone Flow
¢ 1D Finite Difference:
¢ Richards Equation
e Gravity Flow
e 2-Layer Water Balance
* Net Recharge (e.g. DAISY)

I

7 N7 A4

Groundwater Flow
+ 3D Finite Difference - Darcy Flow
¢ Lumped, Conceptual - Linear Reservoir

Sewer Flow

(MOUSE)




s

Hydrodynamic

Evapotranspiration
« SVAT .

« Kristensen and Jensen %}%Ra'" & Snow
e 2-Layer Water Balance m%

« Net recharge (e.g. DAISY)

Snow melt
+ Degree-day melting

Channel Flow (MIKE 11
1D St Venant Equations:
+ Kinematic wave approx.
« Diffusive wave approx.
¢ Fully dynamic

¢ Higher-order fully dynamic
Flow Routing:
« No-routing

* Muskingum

* Muskingum-Cunge

Overland Flow
+ 2D Finite Difference - Diffusive Wave
* Semi-distributed

i ﬁ N
Unsaturated Zone Flow
« 1D Finite Difference:
+ Richards Equation
e Gravity Flow

¢ 2-Layer Water Balance
* Net Recharge (e.g. DAISY)

1

<7 N

Groundwater Flow
+ 3D Finite Difference - Darcy Flow
o Lumped, Conceptual - Linear Reservoir

Sewer Flow

{MOUSE)
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WATER & ENVIRONMENT

Hydrodynamic
L ooped network (1D+)

Three Gorges Project, China

*Hydraulic Structures
* Weirs
* Culverts
* Bridges
» Regulation
« Gates
* Pumping
« Control Structures
 Dambreak Failures




Hydrodynamics

Q
| Saint Venant Equations

6 Point Abbott-lonescu
FD Scheme

dynamic/diffusive/kinematic

Muskingum routing



Wave Approximations WATER & ENVIRONMENT
A M _ A (M U ) n A P B F n F .
At A x A x A x A x

| fully dynamic wave !

| ! | ISIVE TR FIEE - SRt )

! ' —— kinematic wave —
Kinematic wave applicable in steep rivers/streams with no backwater or tidal
effects

Diffusive wave applicable in rivers/stream with relatively steady backwater
effects or slowly propagating flood waves
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Hydrograph Routing T et

Muskingum routing

Routing is a lumped hydrograph transformation calculation. Typically a routing element
represents a reach of a river, a reservoir or a hydraulic structure. Routing does not

require X-section data.
Qfﬁl = Qfm + G, Qf + 5 Q:il +C,

_ _ A2k
C1, C2, C3, C4 : functions of K, xand dT (e.g C,=57 =" )

Muskingum Cunge

K’:g
¢ do 80,84 80,84

w=la-_—_£
2 Be S, i

SO0 is slope, B is X-sec width and A is X-sec area

- Or no routing (i.e. downstream flow accumulation only)



Routing WATER & ENVIRORMERT

" Water level in Muskingum
* Manning formula
* Q-H relation

Benefits and drawbacks of routing compared to Saint
Venant wave approximations :

* more stable

« Reduction of simulation run time

* Routing is lumped and potentially less accurate

Combination of branch types - the most critical point
controls time step of the entire simulation - nothing gained
by adding a few routing branches — except perhaps
stability also for extremely steep rivers
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MIKE11 ouputs o £ B g
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B Time Series Discharge = OV IP< )

Time Series Water Level

4. Horizontal Plan - CALI-HD2-M N _ o
el Time Series Discharge Time Series Water Level

2000.0 +

1800.0
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400000

1600.0

1400.0
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1000.0
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G00.0

150000 4 -------- - e i
1 400.0

350000

300000

250000
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] ' ! LIy Graphical ltems
100000 g ----nmmmmmre ooy - 4500 3 3 Color point
i ' < Width peint
4000
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- 3000 4
7 2500
Water depth [m]
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B s50z6- 5445
B 450z 5028
Bl a41s0- 408
|Read5-' 1500 B 77 4189
No Subjects Deflnedl B 5351 377
B zo3z- 3351
[ zs54z. 24832
[ zoo4. 2513
1000 o [ 1675 2094
] 1257- 1675
[ Josars. 1287
l:lnmsg 08377
0-0.4183
a00 I:I Below o
[ Undefined Value

EUUU
09701480 00:00:00, Time step 0 of 56



MIKE SHE SZ

Evapotranspiration
o SVAT

+ Kristensen and Jensen
+ 2-Layer Water Balance
+ Net recharge (e.g. DAISY)

%%%Rain & Snow

WATER & ENVIRONMENT

Snow melt
o Degree-day melting Channel Flow (MIKE 11)
Overland Flow 1D St Venant Equations:
« 2D Finite Difference - Diffusive Wave . B#:;?V“;ivt';’v‘:a;e ‘:‘op)*(’mx-
+ Semi-distributed Epror

« Fully dynamic
¢ Higher-order fully dynamic

\/

Flow Routing:
¢ No-routing
e Muskingum
« Muskingum-Cunge

Unsaturated Zone Flow
+ 1D Finite Difference:
+ Richards Equation
» Gravity Flow
+ 2-Layer \Water Balance

+ Net Recharge (e.g. DAISY)

Il

Sewer Flow

(MOUSE)

V4

N

Groundwater Flow

s Lumped, Conceptual -

+ 3D Finite Difference - Darcy Flow

Linear Reservoir




WATER & ENVIRONMENT

MIKE SHE Saturated Flow

Three dimensional row in porous media

oh
9y, Sy, 2 Kv— S—
Gx( 8x)+ y( ) ( ) 0= y
h(x,y,z) = hydraulic head
Kh, Ky = hydraulic conductivity
S = specific storage coefficient
Q = volumetric source / sink term

Groundwater
Extraction
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Vertical Discretization oy T B Y A T

MIKE SHE Flow Model Description
+ Display
+ Simulation specifization
& Model Domain and Grid
o Topography
+- o Precipitation
+- of Land Usze
+- & Evapotranspiration
o Rivers and Lakes
+- of Owerland Flow
+- o Unsaturated Flow
- o Saturated Zone
« Geological units
- o Geological Layers
o rnfyn_1-end
o nnfyn_2-end
o nnfyn_3end
o nnfyrn_d-end
o nnfyn_B-enda
o nn_f lag B
o nn_f_lag 7
+- o [Geological Lenses
- o Computational Lavers
+- of Layer 1-Fill zare
+- of Layper 2 - Low permeable moraine

Defined by Geological Layers

- H-F- - -

Tupe of Humerical Yertical Discretization Bottom Elevation Comection

" Defined by geological layers s ey el

{* Explicit definition of lower levels 0.5 [m]

Hame

Layer 1 - Fill zone

Layer 2 - Low permeable maraine
Layer 3 - Upper aquifer

Layer 4 - Low permeable moraineg
Layer 5 - Lower aguifer

Layer & - Lovwer moraine

Layer ¥ - Bazement sand aquifer

~|m || ==

- Or whatever layer geometry you want

%

L
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Saturated Zone Drainage WATER & ENVIRONMENT

* Is a special SZ boundary condition for
* flow through installed drains in the soil
* flow to natural drainage networks (creeks, ditches not in the HD
model)

 Drain flow occurs when the water table is above the Drain Level

» Drainage is conceptually modelled as one "big" drain within a grid
square.

* The outflow depends on the height of the water table above the drain
and a specified time constant

* Drainage is computed as a linear reservoir.

* The time constant characterises the relative efficiency of the drains
(e.g drain density, drain clogging, age, etc).

\V/4 N/ | GROUND SURFACE
oh U=dr0 * Cdr [m/s]
E{o_ m__n_ais____;mr
SAACIS Qdrain = A * U [m3/s]




WATER & ENVIRONMENT

MIKE-SHE

Simple Linear-reservoir groundwater

ﬂ Rain and . -
[Evapotranspiration] |~ snow  easy to build and calibrate

« Computationally almost free
» One hydrograph for each reservoir

Canopy Interception
Model

Snowmelt
Model

- - - ‘
Root Zone i
Model -
e
Infiltration l
Interflow L.
Storages i <)
Percolation l

Fast Baseflow
Baseflow l l l
Storages

Slow Baseflow
->

Overland Flow

N * Does not give you distributed
| opographic Zones groundwater level — no good for
groundwater related flooding issues.

Channel Flow
Model

Interflow

to River Baseflow

to River




WATER & ENVIRONMENT

Surface water — groundwater interactions

Exchange between Surface Water and Aquifer
The MIKE SHE/MIKE 11 modeling system considers two principally different surface
water/aquifer exchange:options:

. River-aquifer exchange where the river is considered a line source/sink located
between two adjacent model grids

. An area-inundation flood mapping (wide rivers, floodplains, lakes)
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WATER & ENVIRONMENT

MIKE SHE — MIKE 11 Coupling

River Aquifer Exchange

ds
e Tk o >
| %% width
: h
h




WATER & ENVIRONMENT

MIKE SHE — MIKE 11 Coupling

River Conductance
The conductance is calculated in different ways depending on the option specified in
the -user interface.

Full contact flow resistance C..,... Conductance between
: layer i and river
C, hydraulic conductivity
2 < . in saturated zone
Ci’SZ—”'V@r = Ci /ds dai dx wer  leakage coefficient of
river lining
_ = L da, saturated layer
Reduced contact - flow resistance in river lining and SZ thickness
dx SZ grid size
C - 1 ds Average flow length -
i,sz—river — ds 1 distance from center of
+ grid to half half-width of
Cl. -da,. -dx Cl.,”.ver "W, - dx riverbank.
: L b w, assumed wetted
Reduced contact - flow resistance in river lining perimeter in grid i
(*lip)
C =C, 0 W, - dx s

i,8z—river i,river
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MIKE SHE = MIKE 11 Coupling
Area-inundation

Define potentially Flooded Areas and associate them with river branches

WATER & ENVIRONMENT

[ calib_newinterface.SHE

- MIEE SHE Flow Model Descriph
- & Simulation specification

----- # Model Domain and Grid

----- & Topography

- o Precipitation

o Land Use

o Evapotranspiration

y"' Rivers and Lakes
o

=

].

- o Flood Codes

Overland

- & Manrning Mumber

o Detention Storage

o Initial \Water Depth

i o Dwerland-groundwater L
L off Separated Flow Areas

F- o Unsaturated Flow

- o Saturated Zone

[ Storing of results

[~ Overlays

1] | o
Setup ... IPmces... I Fezutts I

=101

Spatial Distribution:

Grid file [.df2) |
Llnih:nrrn " | Attribute:

o fil= | iz o Edit... | Create...
Buint/Line | hp) YRiver\Flood Ca | ... IlFIu:u:u:I Codes I | TEaME, |
Praint #Y] bat] ¥ Show grid data

[meteq] Flood Codes
3235000 33
] 3z
] 3t
2230000 - an
] 20
] 2%
2225000 i
] 6
] 25
2zz0000 Eo
] |z
. |22
] a1
2215000 - |
] g
] 13
3210000 117
i : 18
e s
470000 480000 490000 500000 — }g
[meter] : 12
111
1w
=

[ATATETeT, vatidation




MIKE SHE has been used in hundreds
of consulting and research projects
around the world

OH -

WATER & ENVIRONMENT




Blue River Study Catchment oy S By
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WATER & ENVIRONMENT

Distributed Model Intercomparison Project (DMIP)
Organized by the US National Weather Service, Hydrology Laboratory

Primary objectives

To identify and help develop models and modelling systems that best
utilise NEXRAD and other spatial data sets to improve RFC-scale river
simulations

To help guide NWS/HL'’s distributed hydrologic modelling research,
science, and applications.



Model structures

Table 1. Matrix summary of model structures used in this study

Processes

Unsaturated Bypa Drainage Groundwat
Zone Ss flow er

Spatial Distributions

ID Short Name  Routing Parameters Elements

Equation

Rainfall

sl
s2

s3

s4

lumped
distributed
routing

muskingum

distributed
rainfall
3 regions

aggregated

rainfall
gridded
rainfall
no drains

linear
reservoir
bypass
infiltration

Lumped
Fully dynamic

Muskingum-
cunge

Fully dynamic
Fully dynamic
Fully dynamic
Fully dynamic
Fully dynamic

Fully dynamic

Fully dynamic

Conceptual
Conceptual

Conceptual
Conceptual
Conceptual

1D Gravity
Drainage
1D Gravity
Drainage
1D Gravity
Drainage
1D Gravity
Drainage
1D Gravity
Drainage

no
no

no

no

no

no

no

no

no

no
no

no

no

no

conceptual
conceptual

conceptual
conceptual
conceptual

2D Darcy
Flow

2D Darcy
Flow

2D Darcy
Flow
conceptual

conceptual

lumped
sub-
basin
sub-
basin
sub-
basin
sub-
basin
sub-
basin
4km grid

sub-
basin
sub-
basin
sub-
basin

lumped
lumped

lumped
lumped

3 regions
4km grid
4km grid
4km grid
4km grid/sub-
basin

4km grid/sub-
basin

basin
sub-basin

sub-basin
sub-basin
sub-basin
grid

grid

grid
grid/sub-
basin

grid/sub-
basin




Blue River - Event 10 FM

350
Calibrated
300
/ model structures
250 P e =T o -
LA el T
T lﬂleJ"‘i’ﬁﬂM N
7 20 T e ]
E I:Lirl] _|J..L lllT%
= 150 = S 41 :
# il | Observations
[i].l. " TT
100 T
aiiT TT%% +2319933553
. i by g,
m@
Efl‘dni:w-ElE EE-N::m'-EIE EE-N;H-BE EF-N::W'-EIE 28-Mov-96 |

Journal of Hydrology paper



WATER & ENVIRONMENT

Okawanga Delta Management Plan (On-going)

Impact assessment of :

Surface and ground water abstraction
from the Delta

Channel dredging
Cutting reeds

Upstream water resources
developments

Climate changes

Development of an integrated
hydrological model to support

management decisions
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The North Kent Marshes &

200000 300000 500000 600000 = ‘\\/

400001
00000k

] Grazing Marsh
B Sait Marsh

Height (m
:| A i

Thames

300000
000008

200000
00000%

100000
000001

Model Area

e

00000 300000 00000 Ta0000 Fa1000
100 0 100 200 Kilameters

0 10 km

1935 1968 1982
16% loss 48% loss

Wetland Research Unit, Department of Geography,
University College London




. DH
Scenarios e

To evaluate the impacts of water level manipulation on ditch water,
groundwater and surface inundation

Journal of Hydrology paper i §-\ ik
Wetland Research Unit, Department of Geography, University College London
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WATER & ENVIRONMENT

SRWMD

* ENR site A \
- Lake Toho / Alligator Lake vl SRWD N

* Freshwater Caloosahatchee River Basin
» Tidal Caloosahatchee River Basin .
- Estero-Imperial-Cocohatchee Basins o
 Big Cypress Basin J &=

* Broward County Model (CADA, NADA, SADA) AN A
» Everglades Agricultural Area "
* Fish Eating Creek

SJRWMD
» Tiger Bay — Bennett Swamp (Phase 1 and 2)

SWFWMD
* Lake Armistead
 Horse Creek Basin / Peace river basin

First MIKE SHE application in South Florida o
was in 1996 (ENR site)




@ FishFarms
[ Sounty boundariss
[__] Regicnal model erea
[ Sub-basins
[[] Lakes




Components used in Lk. Toho model

Evapotranspiration
¢ SVAT

+ Kristensen and Jensen

+ 2-Layer Water Balance

+ Net recharge (e.g. DAISY)

Rain & Snhow

WATER & ENVIRONMENT

M

. Degree_day me|t|ng Channel Flow (MIKE 11)

1D St Venant Equations:

Overland Flow
+ 2D Finite Difference - Diffusive Wave
o Semi-distributed

» Kinematic wave approx.
» Diffusive wave approx.
« Fully dynamic

¢ Higher-order fully dynamic

Flow Routing:

s No-routing
* Muskingum
e Muskingum-Cunge

\/

Unsaturated Zone Flow
+ 1D Finite Difference:
¢ Richards Equation
e Gravity Flow
e 2-Layer Water Balance

Sewer Flow

* Net Recharge (e.g. DAISY) (MOUSE)
s Z NI N N

Groundwater Flow

+ 3D Finite Difference - Darcy Flow
¢ Lumped, Conceptual -

Linear Reservoir




DH
Surface Topography oy S By

(5ft USGS quad sheets + point information)

Surface Topography

[ sub-basins
1 Lakes
| Reglonal model area

/s,/ Streams & canals

e FRESTON Surface topography (ft)

]
8
&

EREEN
382 BLS
TLREY.

i
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20 Miles

Daily rainfall / Thiessen polygons

WATER & ENVIRONMENT

hean Rainfall (1297 200070

Station 1D inchid ay inchivear |mmfyear

CHEST_R_H&O/M 0144 81.510] 1208254
CREEK_R_05234 0142 52.850] 1370.5584
KIRCHOFF_R_05362 o132 42.100] 1221.740
KISS.F5_R_0GZ05 0155 &85 850] 1438910
559 R_165587 01341 47 Ba0] 1211.325
S61_R_05363 0150 &800] 13362490
S61_R_16570 0.1 81.5101 13208354
SHING. RG_15323 014965 3.240] 1352205
STCLOUD_R_16519 0184 67260 1708404
TAF T_R_05042 0148 51.280] 1378955
TOHOO_R_ w234 01495 §3.330] 1254582
TOHOAS_R_JWrz235 0182 G5.850] 1887.990
L MARIOZ_R_05324 QAT G1.850] 15639.224
ALLZR_HfEa 012 G5 .850] 1827990
BEEUME_FR 05953 0165 0410 15349914
MC_CO% -G53 0.1Ea B5.5870] 1655478
PIME_ISL_R_DG576 0155 &85.530] 1435262
KISS.F 52 01685 G0.300] 1531.620

& Weather Stations
] Sub basins

A, Raindall stations used in model

21 regional model area

[ Lakes
Thiessen Polygons
[} Chest R
] Creek R
[} Kirchotf_R

] KissF 52_RiKissfs .

5 59 _R

£ E1_R
StClout R
Taft_R
Toholldl_R
Tohol5_R
LMario_2R
ALLZR (SHmimians)
Beekine_R
Ml oy
Pinedsl_R

Bl Ko Data

00a0a0

R




Soil Map used to distributed UZ soil profiles wirr « environmens

] County boundary
[ 5ub basing

] Region al model area
Lakes

Taho ISGM &0l cades

1
5
6
7
f
@
L1
11
1
22
23
24
2
2
0
Ho




ER & ENVIRONMENT

Land-use map used to distribute vegetation typ

LAND USE Area
level 2 Text (sq. miles) %
100 URBAN AND BUILT-UP 168.0 16%
110 Residential, low density 44.8 4%
120 Residential, Medium density 37.3 4%
130 Residential, High density 25.3 2%
140 Commercial and Senices 14.9 1%
150 Industrial 11.8 1%
160 Extractive 1.9 0%
170 Institutional 3.6 0%
180 Recreational 12.2 1%
190 Open Land 16.3 2%
200 AGRICULTURE 284.2  27%
210 Cropland and pastureland 182.9  18%
L an d use 220 Tree crops 752 1%
240 Nurseries and \vineyards 6.8 1%
250 Specialty farms 0.6 0%
E Model ares 260 Other open lands rural 18.8 2%
] sFwHD oraimage basinssub-b asins 300 RANGELAND 11.8 1%
SWFMD land use 310 Herbaceous 03 0%
| urban 320 Shrub and Brushland 5.4 1%
I sgriculure 330 Mixed Rangeland 60 1%
Bt :‘""0“‘"“ 400 UPLAND FORESTS 1446 14%
ﬁ m 410 Coniferous forest 94.6 9%
EEE welland=s 420 Hardwood forest 12.4 1%
5 basren land 430 Hardwood forest, continued 35.6 3%
EEE transportation 440 Tree plantations 1.9 0%
SFWMD Jand use 500 Water 1220 12%
510 Streams and waterways 1.9 0%
520 Lakes 113.3 1%
530 Resenwirs 6.8 1%
540 Bays and Estuaries 0.0 0%
560 Slough waters 0.0 0%
600 Wetlands 260.8 25%
610 Hardwood Forests 90.1 9%
620 Coniferous forest 64.9 6%
630 Forested mixed 65.9 6%
640 non-forested wetlands 39.9 4%
N 650 non-vegetated 0.0 0%
700 Barren land 11.8 1%
710 Beaches 0.0 0%
720 sand other than beaches 0.1 0%
W E 740 disturbed land 11.7 1%
800 TRANSPORTATION & UTILITIES 32.8 3%
810 Transportation 25.3 2%
5 820 Communication 0.1 0%
830 Utilities 7.4 1%

0 10 20 Miles
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Geological Profiles (GeoEditor) oy B L T

Potential Head in Upper Floridan Aquifer N
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Priority 1 and 2 areas for calibration/validation==s = cxviroumens

N

Detailed Fanny Bass model
‘;‘-‘\vf( Streams
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Actual Evapotranspiration oy B gy
(basin average 39 inch/year)

Average Actual Evapotranspiration
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Groundwater Depth

Groundwater Depth

WATER & ENVIRONMENT

[] Sub-basins
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Yearly Sumcurves, 5-561




Yearly Sumearves, 5—E3
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WATER & ENVIRONMENT
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Scenarios

OHE =<

WATER & ENVIRONMENT

Normal Regulation (warm up)

Normal Regulation

Normal Regulation

A. Normal Regulation START END START END START END
01-Nov-00 01-Nov-01 01-Nov-01 31-May-02 01-Jun-02 31-Dec-03
Meteorological data used for scenarios
A.1 (normal/drought/drought)| 01-Nov-96 31-Oct-97
A.2 (normal/drought/normal) | 01-Nov-96 31-Oct-97 01-Jun-96 31-Dec-97
A.3 (normal/wet/drought) 01-Nov-96 31-Oct-97 01-Nov-94 31-May-95
A.4 (normal/normal/drought) | 01-Nov-96 31-Oct-97 01-Nov-96 31-May-97
A.5 (normal/normal/normal) 01-Nov-96 31-Oct-97 01-Nov-96 31-May-97 01-Jun-96 31-Dec-97
Normal Regulation (warm up) Drawdown Refill
B. Drawdown START END START END START END
01-Nov-00 01-Nov-01 01-Nov-01 31-May-02 01-Jun-02 31-Dec-03
Meteorological data used for scenarios
B.1 (normal/drought/drought)| 01-Nov-96 31-Oct-97
B.2 (normal/drought/normal) | 01-Nov-96 31-Oct-97 01-Jun-96 31-Dec-97
B.3 (normal/wet/drought) 01-Nov-96 31-Oct-97 01-Nov-94 31-May-95
B.4 (normal/normal/drought) | 01-Nov-96 31-Oct-97 01-Nov-96 31-May-97
B.5 (normal/normal/normal) 01-Nov-96 31-Oct-97 01-Nov-96 31-May-97 01-Jun-96 31-Dec-97
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Upper Kissimmee model run-times WATER & ENVIRONMENT

Runtimes (old Lk. Toho model approx 1 hour/year on a 700 MHz computer
revised (simple UZ) model runs 11.5 minutes/year on my 1.3 Gb Laptop
can be tuned further by removing points from the hydraulic model

simple LR model will reduce run-times further (only flow modeling not gw !)



DHLI =~
What could be done

WATER & ENVIRONMENT

« Approach and spatial/temporal scaling in the upper Kissimmee model Ok for entire basin

» update existing upper Kissimmee model (1-2 man-weeks) — some adjustment of calibration

+ Get started with the lower basin — could run in parallel (i.e. two models and then merge the models
later on (target sim. Execution times 20-40 minutes/year

» Consider building a screening model (LR based) link to MIKE BASIN / UKISS ?

« Automatic calibration / sensitivity analysis (AUTOCAL)

» Validate

e Could be done in 6-8 months



DH
Why use MIKE SHE for KB ? WATER & ENVIRORMENT

+ MIKE SHE meets all the requirements for the KB project and a good
model for the upper Kissimmee model already exists.

 MIKE11 is the best hydraulic model in the world and meets all proj. objectives

» MIKE SHE is flexible — it allows you to use an evolving approach (simple through
complex/advanced)

* MIKE SHE is operational - it has been used for many different applications all over the
world.

* MIKE SHE includes tools and a GUI that saves you time

* MIKE SHE is proven and accepted and is the best tested integrated model on the
market.

* It’s a safe choice that would bring the project safely to harbour.
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